Being stimulated by the report by Tsuruo et al. that some diphenylacetylpiperazine (DAP) derivatives and N- (10,11dihydro-5H-dibenzo[a,d]cycloheptan-5-yl)piperazine(DSP) derivatives 1 possess high biological activity for multidrug resistance in cancer, we synthesized new DSP derivatives and found 2 that they have excellent recovery activity for chloroquine (CQ) resistance in malaria (Plasmodium chabaudi 3 ). We have extended our work to DAP derivatives, and report on the crystal structure of newly synthesized 1-[4-(2,2diphenylacetyl)piperazin-1-yl]-3-buten-2-ol (1) ( Fig. 1) having high reversal activity for CQ-resistance. The title compound 1 has a diphenylacetyl skeleton and a 3-buten-2-ol (C4) side chain attached to each nitrogen of piperazine. The corresponding DSP derivative of 1-[4-(10,11-dihydro-5Hdibenzo[a,d]cycloheptan-5-yl)piperazin-1-yl]-3-buten-2-ol (2) 4 ( Fig. 1 ) has a dibenzosuberanyl skeleton, and the same C4 side chain attached to each nitrogen of piperazine. Both compounds are biologically characterized to suppress an increase in the number of malarial parasited red blood cells, and indicate it to be zero (perfect disappearance) on 4th day.
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The title compound 1 was synthesized as follows: the DAP moiety was obtained by a reaction of diphenylacethyl chloride, 1-(ethoxycarbonyl)piperazine, and pyridine in dichloromethane and by subsequent removal of ethoxycarbonyl using KOH. The obtained DAP was reacted with 1,3-butadiene monoxide under the presence of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in methanol. In this reaction, two products of the title compound 1 and a side-chain isomer of 2-DAP-3-buten-1-ol were obtained in 40% and 25% yields, respectively. They were separated by silica-gel column chromatography (CHCl3/MeOH10:1). Single crystals of 1 for X-ray analysis (mp: 141 -142˚C) were obtained from CHCl3 by slow evaporation. The chemical shifts of the 1 H-NMR (600 MHz) spectrum supported the chemical structure 1. Because 1 had similar bioactivities with 2, the structure of 1 was clarified using X-ray analysis.
The crystal and experimental data are given in Table 1 . The structure was solved by a direct method with SIR-92. 5 The spatial position of the hydrogen of the hydroxyl group was found on the difference Fourier map, although other hydrogen atoms were fixed at the calculated positions. The final atomic coordinates and equivalent thermal parameters for nonhydrogen atoms are given in Table 2 ; the selected bond distances and angles are presented in Table 3 . The molecular structure and the atomic numbering are given in Fig. 2 .
The intermolecular distance between the hydrogen of the hydroxyl group and nitrogen of piperazine of 1 (reported in CIF) is 2.86(3)Å and that of 1-DSP-3-buten-2-ol 4 is 2.87(1)Å. Similar bioactivity can be rationally understood from the similar structure of both compounds. As the total of the three bond angles (C14-N1-C15 = 127.3˚, C14-N1-C17 = 120.1˚, C15-N1 C17 = 112.5˚) of 1 becomes 359.9˚, a planarity with the amide moiety is shown because of the conjugation of N1 and C=O. On the other hand, the total of the same three bond angles in 2 becomes 321˚, probably due to the lack of a carbonyl group. Table 2 Final atomic coordinations and equivalent isotropic thermal parameters (Beq) for non-hydrogen atoms Beq = (8π 2 /3)ΣiΣjUijai*aj*(ai·aj).
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x y z Beq Table 3 Selected Bond distances (Å) and angles (˚) Fig. 2 Molecular structure of the title compound along with the atom-labeling. The thermal ellipsoids are drawn at the 50% probability level.
